Dissociating the effects of habituation, black walls, buspirone and ethanol on anxiety-like behavioral responses in shoaling zebrafish. A 3D approach to social behavior  by Maaswinkel, Hans et al.
Pharmacology, Biochemistry and Behavior 108 (2013) 16–27
Contents lists available at SciVerse ScienceDirect
Pharmacology, Biochemistry and Behavior
j ourna l homepage: www.e lsev ie r .com/ locate /pharmbiochembehDissociating the effects of habituation, black walls, buspirone and ethanol
on anxiety-like behavioral responses in shoaling zebraﬁsh. A 3D approach
to social behaviorHans Maaswinkel ⁎, Xi Le 1, Lucy He 2, Liqun Zhu, Wei Weng
xyZﬁsh, 2200 Smithtown Ave, Ronkonkoma, NY 11779, United States⁎ Corresponding author. Tel.: +1 631 495 1685; fax:
E-mail address: hmaaswinkel@xyzﬁsh.com (H. Maas
1 Present address: Hofstra University, Hempstead, NY
2 Present address: Cornell University, Ithaca, NY.
0091-3057 © 2013 The Authors. Published by Elsevier I
http://dx.doi.org/10.1016/j.pbb.2013.04.009a b s t r a c ta r t i c l e i n f oArticle history:
Received 17 December 2012
Received in revised form 3 April 2013
Accepted 12 April 2013
Available online 19 April 2013
Keywords:
Zebraﬁsh behavior
Shoaling
Habituation
Ethanol
Buspirone
3D trackingUnderstanding the different patterns of anxiety-like behavioral responses is of great interest for pharmacological
and genetic research. Here we report the effects of 3.5-hr habituation, buspirone and ethanol on those responses
in shoaling zebraﬁsh (Danio rerio). Since in these experiments we used a container with white walls, the effects
of black-vs.-whitewallswere tested in a separate experiment. An important objectivewas to determinewhether
factors unrelated to anxiety played a role in modulating the responses. The anxiety-like behavioral responses
studied here are social cohesion, distance from bottom and bottom-dwell time, radial distribution (to study thig-
motaxis), transparent-wall preference (to study escape responses), locomotion and freezing. The experimental
conditions yielded distinctly different response patterns. Thigmotaxis was the most obvious response to white
walls and it was signiﬁcantly reduced after 3.5-hr habituation. It was not affected by any of the drugs. The reduc-
tion of social cohesion after 3.5-hr habituation and in the 0.5% ethanol group was probably the most interesting
effect seen in this study. A role of anxiety hereinwas suggested but could not be establishedwith certainty. Other
hypotheses were also discussed. The large increase of distance-from-bottom resulting in swimming close to the
water surface, which occurred in both buspirone groups and in the 0.5%-ethanol group, is most likely not an an-
xiolytic response, because of the discrepancy with the in the literature well-established time-course and the ab-
sence of any effect of 3.5-hr habituation or black walls on vertical measures. Finally, locomotion and duration
freezing could not be speciﬁcally taken as indicators for the state of anxiety and the results concerning
transparent-wall preference were not sufﬁcient clear. We conclude that the neuronal and ethological mecha-
nisms underlying the effects of habituation,white-aversion, buspirone and ethanol on anxiety-like behavioral re-
sponses are complex and need further exploration.
© 2013 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-SA license.1. Introduction
Buspirone, a partial antagonist of the serotonin 5-HT1A receptor, is
mainly indicated for generalized anxiety disorder and clinical depres-
sion (Loane and Politis, 2012). Ethanol on the other hand is a recrea-
tional drug with a different anxiolytic proﬁle: in humans and other
animals it can reduce social anxiety (Sripada et al., 2011) and interact
with stress (Becker et al., 2011). These two distinct substances are
often tested in zebraﬁsh (e.g. Bencan et al., 2009; Gebauer et al.,
2011; Kurta and Palestis, 2010). The rationale for this interest is to de-
velop zebraﬁsh as a simple but powerful model for testing drugs, es-
pecially in connection with drug discovery studies (Rihel et al., 2010).+1 631 468 8536.
winkel).
.
nc. Open access under CC BY-NC-SA liIn the present study we investigate a range of anxiety-like behavioral
responses to buspirone and ethanol in shoals of zebraﬁsh. Since
buspirone and especially ethanol also affect cognition, spatial memo-
ry, mood etc. (e.g. Chin et al., 2011; McNaughton and Morris, 1992;
Ratajczak et al., 2012; Scholey et al., 2012), it is important to establish
the nature of their behavioral responses.
Zebraﬁsh is now widely recognized as a vertebrate model for
research into a variety of systemic and neurobehavioral diseases, such
as cardiovascular diseases, retinal degeneration, autism, schizophrenia,
and drug addiction (Brennan, 2011; Dahme et al., 2009; Fernandes and
Gerlai, 2009; Mathur and Guo, 2010; Kabashi et al., 2011; Li and
Maaswinkel, 2007; Stewart et al., 2011). It also plays a growing role in
pharmacological and toxicological research (Darland and Dowling,
2001; Kokel and Peterson, 2008; McCollum et al., 2011). In the last
two decades, basic behavioral systems of zebraﬁsh have been explored,
such as courtship (Darrow and Harris, 2004), aggression (Filby et al.,
2010; Larson et al., 2006; Paull et al., 2010), shoaling (Echevarria et al.,
2011; Gebauer et al., 2011; Green et al., 2012; Kurta and Palestis, 2010;
Miller and Gerlai, 2007, 2008), anxiety (Bencan et al., 2009; Stewart et
al., 2012) and stress (Champagne et al., 2010; Piato et al., 2011).cense.
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that zebraﬁsh moves in a three-dimensional space, can swim at high
velocity and makes quick directional changes. Only very recently,
high-speed 3D automatic tracking systems have been developed
(Zhu and Weng, 2007; Cachat et al., 2011; Maaswinkel et al., 2012).
Another challenge is to track multiple ﬁsh simultaneously as is re-
quired for the study of shoaling. For this purpose, manually tagging
of the zebraﬁsh in video frames is often used. This usually results in
applying low sampling frequencies, e.g. 0.1 fps (Miller and Gerlai,
2007) or even 0.008 fps (i.e. one frame per 2 min) (Kurta and
Palestis, 2010). However, recently studies have become available
that apply higher sampling frequencies to track multiple ﬁsh (e.g.
Green et al., 2012; Zhu and Weng, 2007).
Earlier, we have published the technical details and validation of a
3D recording system (Maaswinkel et al., 2012; Zhu and Weng, 2007;
Zhu et al., 2012). It is characterized by absolute synchronicity of the
viewing angles (by using a mirror system), correction of refraction
(caused by the transition of light from water to air) via a calibration
procedure, high sampling-frequency (currently around 40 fps), and
software that reduces switching of tags. A look at sample frames
(Fig. 1A, B) indicates that any 2D view is prone to obscure the spatial
relationships between zebraﬁsh and may result in reduced accuracy
of some of the measurements. This problem is mitigated if the
zebraﬁsh swimmore or less in the same plane and if this plane is per-
pendicular to the viewing angle. This might occur naturally or can be
enforced experimentally by using a low water level (for horizontal
planes, Kurta and Palestis, 2010) or a narrow tank (for vertical planes,
Green et al., 2012). Applying the calibration procedure, we could use
a square tank (25 × 25 × 18 cm, l × w × h, ﬁlled to a height of
13.5 cm with water), which had the advantage to less restrict the
movements of the zebraﬁsh (Zhu and Weng, 2007; Zhu et al., 2012).
In the present study, we apply the 3D recording system to investi-
gate the effects of 3.5-hr habituation, black-vs.-white walls, acute
buspirone and acute ethanol on anxiety-like behavioral responses in
shoaling zebraﬁsh. The ﬁsh were tested after 10 min habituation to
the observation container, which should be ample time to reduce or
eliminate novelty-induced anxiety that normally habituates within
5–10 min (Wong et al., 2010; this is also suggested by the
time-lines in Maaswinkel et al., 2012). Thus, should neophobia play
a role in our experiments, it would concern a not earlier described
slow-habituating component. Since two of the walls of the experi-
mental container were white, which under certain circumstances
can induce aversive behaviors that have some resemblance to
anxiety-induced behaviors (Blaser and Rosemberg, 2012; Maximino
et al., 2010; Stephenson et al., 2011), we also tested the effects of
black vs. white walls on anxiety-like behaviors.Fig. 1. Top and side views of two example frames (A,B). The top views (displayed on
the overhead mirror) or the front view alone does not allow recognizing fully the spa-
tial conﬁgurations of the quadruplets.Anxiety-like behavioral responses (e.g. Mathur and Guo, 2011) are
responses that, under certain conditions, may be indicative for fear,
anxiety or aversion (the exact distinction between these motivational
or affective states is beyond this study). In the open ﬁeld test several
anxiety-like responses have been described (varying by study): thig-
motaxis (i.e. time spent close to the walls of the container) and other
measures for horizontal distribution (Champagne et al., 2010;
Schnörr et al., 2012), bottom-dwell time and other measures of verti-
cal distribution (Bencan et al., 2009; Egan et al., 2009), social cohesion
(Speedie and Gerlai, 2008), freezing (Blaser et al., 2010; Maaswinkel
et al., 2012; Wong et al., 2010), velocity or overall locomotion
(Maaswinkel et al., 2012), preference for transparent walls (possibly
as part of an escape response, Champagne et al., 2010) and perhaps
erratic movements (Wong et al., 2010). The different responses can
have different time-courses in the same test (Maaswinkel et al.,
2012). Furthermore, they might also be induced by stimuli unrelated
to anxiety, e.g. breathing problems can decrease bottom-dwell time
(Maaswinkel et al., 2012), erratic movements are part of side effects
of certain antipsychotics (Giacomini et al., 2006) and reduced social
cohesion can be induced by the non-competitive NMDA antagonist
MK-801 (Echevarria et al., 2008), which is used to simulate social en-
gagement deﬁcits in animal models of schizophrenia (Rung et al.,
2005). Thus, the experimental conditions determine the interpreta-
tion of the anxiety-like behavioral responses. In zebraﬁsh, the rela-
tionships between anxiogenic/aversive stimuli, distinct behavioral
responses, time-course of the responses and environmental factors
(e.g. availability of hiding place, escape route as possibly indicated
by transparent walls) are poorly understood. Recently, several inter-
esting studies have been published that begin to investigate these
and similar fundamental questions that need to be addressed in
order to validate behavioral procedures for the purpose of screening
of anxiogenic and anxiolytic drugs and for genetic testing (e.g.
Blaser and Rosemberg, 2012; Stewart et al., 2013; Wong et al., 2010).
Finally, since some studies use very low sampling-frequencies
(see above), we also wanted to know whether sampling frequency
has an impact on the recorded parameters and on the statistical sep-
aration between experimental groups.
2. Materials and methods
2.1. Animals
Five-month old female zebraﬁsh (Danio rerio) of an unspeciﬁed
(‘short-ﬁn’) wild-type strain, were purchased from Aquatica Tropi-
cals, Inc (Plant City, Fl, US). In total 568 zebraﬁsh were used. The
zebraﬁsh used in the six experiments were not derived from the
same cohort. They were acclimated to the laboratory conditions for
at least 4 weeks in 76-liter aquariums before starting the experi-
ments. Water temperature was equal to room temperature (approx.
23 °C). Light regimen: 14 h lights on (6:00–20:00), 10 h lights off.
Zebraﬁsh were fed three times a day: 8:00 Tetra tropical ﬂakes;
12:00 live brine shrimp larvae; 15:00 Tetra tropical ﬂakes. On the
days of the experiments, the zebraﬁsh were fed only at 8:00.
2.2. Apparatus
The apparatus and recording software have been described in detail
(Zhu and Weng, 2007; Zhu et al., 2012). Some minor changes were
made (see alsoMaaswinkel et al., 2012). In short, a transparent observa-
tion container (length, 25 cm; width, 25 cm; height, 18 cm; water
level: 13.5 cm) was placed in a closed compartment (length, 91 cm;
width, 46 cm; height, 56 cm). At one side on the long axis, a camera
(Bumblebee 2; Point Grey Research Inc, Vancouver, Canada) was
placed. The observation container was placed close to the opposite
wall. A mirror was suspended at an angle above the observation con-
tainer, so that both the front view and the top view of the container
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(Zhu and Weng, 2007) was removed because zebraﬁsh responds to its
mirror image. The light source consisted of nine 1.3-watt LEDsmounted
abovewater level. The light intensity atwater level was about 800 lx. In
experiments 1 through 5, the bottom, the far end wall (opposite to the
camera) and right wall (from the perspective of the camera) of the ob-
servation container were painted white as to increase the contrast of
the ﬁsh against the background. The walls of the observation chambers
were also white as to increase diffusion of light. In experiment 6, three
of the walls of the container were either all black or all white and the
walls of the compartment were dark green (for further description,
see below). The camera was connected to a computer. The Recordings
Module of the software captures the frames at an average rate of
40 frames per second (fps). This sampling frequency was, however,
slightly different for each computer (twelve computers and observation
chambers were employed). The Trajectory Module extracts the x,y,z-co-
ordinates for every ﬁsh. The software corrects for refraction, i.e. break-
ing of the light in the transition from water to air. To achieve this, a
calibration procedure is applied: a panel with 5 LEDs is lowered into
the tank and the positions of the lights are recorded without and with
water in the tank. For calibration, a side-mirror is attached. A ﬁltering
process is used tominimize noise (such as caused by jigging, i.e. allocat-
ing the tag to different locations on the recorded image of the ﬁsh) and
unintentional swapping of tags between individual ﬁsh. The Data Pro-
cessingModulewas used for the calculation of the parameters of interest
(see below). Further data processing was performed using a spread-
sheet program (Excel® 2010) and statistical software (Systat® 13).
2.3. Procedures
In total six experiments were performed. The ﬁsh were tested in
quadruplets (i.e. groups of four ﬁsh). The existing literature (e.g.
Green et al., 2012) shows that shoaling studies can be performed
with such small groups to assess the effects of drug treatments on
social cohesion. For the purpose of pharmacological, toxicological
and especially genetic testing it would be unpractical to use larger
shoals (although this might be indicated for ecological and ethologi-
cal studies). Only female zebraﬁsh were used in order to avoid or
minimize aggressive interactions. In females, aggressive behaviors @
emerge over the course of several days; whereas inmales, they usually
emerge very quickly and peak on day one (see Paull et al., 2010; this
was conﬁrmed by our own observations, data not shown). In case of
drug treatments (experiments 2 through 5), the zebraﬁsh were
pre-exposed to the drugs for 60 min. The duration of exposure was
chosen based on an ethanol equilibrium and metabolism study in
goldﬁsh (Ryback et al., 1969). Buspirone has a half-life of at least 2 h
(in humans, Gammans et al., 1986). In the zebraﬁsh literature, a
great variety of exposure times are applied, from a few minutes (e.g.
Gebauer et al., 2011) to 60 min (e.g. Kurta and Palestis, 2010). The im-
pact of exposure times on the behavioral effects is beyond the scope of
this study. Immediately after recording, the zebraﬁshwere euthanized
with 300 mg L tricaine methanesulfonate (MS-222).
2.3.1. Experiment 1: effects of 3.5-h habituation
On the day of the experiment at 9:30, every quadruplet was sepa-
rately conﬁned in 1-L containers (to make the procedure comparable
to the drug tests; see below). After 60 min, the quadruplets were
transferred (using a net) to the observation containers. After 10 min
habituation (at 10:40), the ﬁrst recording was started and lasted
10 min. The zebraﬁsh were left in the observation container. About
3.5 h later (14:00) a second 10-min recording was made. Between
11:00 and 13:00, the water was aerated by means of a vinyl tube
connected to an air pump. On every experimental day, up to six
quadruplets of zebraﬁsh were tested simultaneously in separate
recoding chambers (which were visually separated from otherrecording chambers and the experimentation room). Sixteen quadru-
plets were used, i.e. n = 16.
2.3.2. Experiment 2: effects of 3 mg L buspirone
On the day of the experiment at 9:30, every quadruplet was sepa-
rately exposed to 0 or 3 mg L buspirone in 1-L containers for 60 min.
Then the quadruplets were transferred (using a net) to the observa-
tion containers. After 10 min of habituation (at 10:40), the recording
was started and lasted 10 min. Half of the quadruplets tested on any
day were assigned to the control group and the other half to the
buspirone group. The assignment of the groups to the six observation
chambers was alternated on a daily basis as to avoid biasing the re-
sults by possible slight variations of environmental conditions be-
tween observation chambers. For the control group, n = 10; for the
3 mg L buspirone group, n = 10.
2.3.3. Experiment 3: effects of 5 mg L buspirone
The procedure was similar as in experiment 2. However, the
zebraﬁsh were exposed to 5 mg L instead of 3 mg L buspirone. For
the control group, n = 15; for the 5 mg L buspirone group, n = 15.
2.3.4. Experiment 4: effects of 0.25% ethanol
The procedure was similar as in experiment 2. However, the
zebraﬁsh were exposed to 0.25% ethanol. Furthermore, the same con-
centration of ethanol was also present in the observation container.
Another minor difference was that the water in the pre-exposure
container was taken from the observation container. After 60 min,
the quadruplets were transferred to the observation container includ-
ing the water in the pre-exposure container (i.e. no net was used). For
the control group, n = 12; for the 0.25% ethanol group, n = 12.
2.3.5. Experiment 5: effects of 0.5% ethanol
The procedure was similar as in experiment 4, except that the eth-
anol concentration was 0.5% instead of 0.25%. For the control group,
n = 10; for the 0.5% ethanol group, n = 10.
2.3.6. Experiment 6: effects of black walls vs. white walls
In experiments 1 through 5, two of the walls of the observation con-
tainers were white. Moreover, the walls of the observation chamber
were alsowhite. This was originally done to increase the contrast. How-
ever, since white walls might induce white aversion (depending on the
illumination, Stephenson et al., 2011), we performed an experiment to
compare the effects of black walls with those of white walls on
anxiety-like responses. Three of the walls were either covered with
white or with black paper. The fourth wall (closest to the camera) was
transparent.Moreover, thewalls (consisting of curtains) of the observa-
tion chamber were not covered with white paper. Their color was dark
green. Since it turned out to be difﬁcult to record the zebraﬁsh from
above on a black bottom, we chose wheat color for the bottom which
might be comparable to the gravel used in a study comparing white
vs. black vs. transparentwalls (Blaser andRosemberg, 2012). The proce-
dure was similar as described for the other experiments: conﬁnement
of the quadruplets in 1-L containers from 9:30–10:30; habituated to
the observation tank and chamber for 10 min; 10 min recording. For
white-wall condition, n = 16; for black-wall condition, n = 16.
2.4. Drugs
Ethanol was purchased from Pharmco Products Inc (Brookﬁeld, CT,
US). Buspirone HCl and MS-222 were purchased from Sigma-Aldrich
(St. Louis, MO, US). Buspirone was dissolved in water as stock solution,
which was prepared at the beginning of every experimental week and
was kept in the refrigerator (at about 4 °C).
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2.5.1. Statistics
The following six independent (groups of) variables were calculat-
ed: (1) average social distance and shoaling index as parameters for
social cohesion, (2) travel distance, (3) relative turning angle, (4) du-
ration freezing, (5) vertical distribution (distance from bottom and
distribution over ten equal depth levels), and (6) horizontal distribu-
tion (distance from center, distribution over concentric zones and
distribution over quadrants). The values for every quadruplet were
obtained by averaging the values for the four zebraﬁsh. The critical
value was adjusted to the number of independent variables: α =
0.05 / 6 = 0.0084. However, to make our results comparable to
those of other studies that often use α = 0.05 even when testing
multiple variables, we noted the occurrence of 0.05 > p > 0.0084 as
‘tendency’. Shapiro–Wilk test was applied to test for normality
(with α = 0.05). If the normality criterion was met, Student t-tests
(paired t-tests in experiment 1 involving habituation, unpaired
t-tests for all other experiments) were used. If the normality criterion
was not met, Mann–Whitney U-tests were applied. It should be noted
that although shoaling index (see deﬁnition below) is a discrete var-
iable which can (in case of quadruplets) assume the values 1, 2, 3 or 4,
it is calculated for every frame and then averaged over the 10-min ob-
servation periods (consisting of 24,000 frames on average). Thus for
statistical purposes we treated it as a continuous variable. It should
be noted, that since the two concentrations of buspirone (3 and
5 mg L) and the two concentrations of ethanol (0.25 and 0.5%) were
tested in separate experiments and because the respective control
groups were statistically different (in case of the ethanol experi-
ments) they could not be pooled. Therefore statistical analysis and
graphic representations of the concentrations were not combined.
2.5.2. Social parameters: social cohesion
Social cohesion can under certain circumstances be indicative for
the degree of anxiety (Speedie and Gerlai, 2008). Several measures
for social cohesion are being used in literature: average social dis-
tance (also called ‘mean inter-individual distance’) (Green et al.,
2012), shoaling index (Chivers et al., 1995), nearest neighbor distance
(Buske and Gerlai, 2012), and median shoal area (Kurta and Palestis,
2010). Here, we calculate average social distance and shoaling index.
Average social distance is the average of all distances between the
four individual ﬁsh. As alternative measure for social cohesion,
shoaling index (SI) was calculated as follows: 1, when no ﬁsh is within
one body length (we took an average body length of 32 mm) from
any other ﬁsh; 2, when only two ﬁsh are within one body length
from another ﬁsh; 3, when three ﬁsh are in a group which are chained
by distances of less than one body length or there are two groups of
two ﬁsh that are within one body length from each other; and 4,
when all four ﬁsh are chained by distances of less than one body
length. This deﬁnition is taken from Chivers et al. (1995); however,
we added the chaining-speciﬁcation: if, for example, ﬁsh a and b
and ﬁsh b and c are less than one body length apart, then SI equals
3, even if the distance between a and c is greater than one body
length. Indeed, when studying larger shoals, SI would be unduly re-
stricted without the addition of ‘chaining’. Note that although SI is a
discrete variable, it might have the advantage to avoid overly
inﬂuencing the value for social cohesion by ﬁsh that swim far apart
from the group (especially in large containers).
2.5.3. Spatial parameters: vertical and horizontal distribution
The anxiety-like responses bottom-dwell time (Bencan et al.,
2009) and thigmotaxis (or wall-hugging) (Champagne et al., 2010)
are here more generalized as vertical and horizontal spatial parame-
ters, respectively.
Distance from bottom is determined by the z-coordinate. As a second
measure for vertical location, the distribution over ten equal depth levelsis determined (with level 1 being the lowest level). Note that the depth
distribution over the ten depth levels is not a function given by the
average distance from bottom. For example, a ﬁsh could swim half of
the time at 20 mm from bottom and half of the time at 100 mm from
bottom. The average distance from bottom would then be 60 mm.
However, if it swam the entire time at 60 mm from bottom, the average
distancewould also be 60 mm. The often-usedmeasure of bottom-dwell
time coincides approximately with the time spent at levels one through
three.
Distance from center is determined in the horizontal (x,y) plane. As
second measure for horizontal localization radial distribution was cal-
culated: the x,y-plane was subdivided into 4 radial zones: the inner
zone (a concentric circle with a radius of 1/6 of the length of tank),
a middle zone (a concentric annulus with an inner radius of 1/6 and
an outer radius of 1/3 of the length of the tank), an outer zone (a con-
centric annulus with an inner radius of 1/3 and an outer radius of 1/2
of the length of the tank), and a combined-corner zone (see inset in
Fig. 5A). Note that the four zones have each a different surface area
and thus the expected time spent per zone based on homogenous dis-
tribution is different (presented as gray bars in Fig. 5A). As a third
measure for horizontal distribution, we calculated the time the
zebraﬁsh spent in the four quadrants, a compartmentalization often
used in literature (e.g. Echevarria et al., 2011). The quadrants are
numbered in a counter-clockwise sequence. In experiments 1
through 5, quadrant 1 is conﬁned by one transparent and one white
wall, quadrant 2 is conﬁned by two white walls, quadrant 3 is con-
ﬁned by one transparent and one white wall and quadrant 4 is con-
ﬁned by two transparent walls. Quadrants 4 and 1 are closest to the
camera. In experiment 6 (black vs. white walls), only quadrants 4
and 1 are adjacent to a transparent wall at one side. Thus, the distri-
bution over quadrants provides some insights into the preference
for white, black or transparent walls.
2.5.4. Kinematic parameters
Kinematic variables reported here are travel distance (or average
velocity, Maaswinkel et al., 2012), duration freezing (Blaser et al.,
2010) and relative turning angle.
Travel distance is the cumulative distance between the x,y,
z-coordinates of the individual ﬁsh in successive frames. Horizontal
(x and y) and vertical (z) components of travel distance were also
calculated separately. Freezing is deﬁned as swimming less than
2 mm per second for a period of at least one second, thus the term
as deﬁned here includes very slow movements, and is expressed by
its duration (in % of the total recording time). Relative turning angle
is the total absolute turning angle in degrees divided by the total
travel distance. Relative turning angle was chosen to make this
measure independent from travel distance. For example, if two ﬁsh
have the same turning characteristics, the ﬁsh that has a greater over-
all travel distance (or average velocity) will also have a higher total
turning angle, however, the relative turning angles of both ﬁsh will
be the same. This parameter is not tagged as anxiety-like behavioral
response.
2.5.5. The impact of sampling frequency
Reduction of sampling frequency was achieved by eliminating the
appropriate number of frames. For travel distance in experiment 5
(0.5% ethanol), the sampling frequency was stepwise reduced from
40 to 20, 10, 5, 1 and 0.1 fps. Note that 40 fps is the average sampling
frequency, which might vary slightly per computer. Accordingly, the
sampling frequencies 20, 10 and 5 fps are also approximate values
(in every subsequent reduction step, every second sample was
removed). In contrast, for 1 and 0.1 fps the calculations were as
exact. One reason to study the effect of the progressive reduction
of the sampling frequency on travel distance was to determine
whether our initial sampling frequency of 40 fps was high enough,
which would be indicated by an asymptote for the values of travel
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whether the low frequencies, that are sometimes used in the litera-
ture (especially when applying manual tagging), impact the results,
both in terms of absolute measurements and in terms of statistical
separation between groups.
3. Results
3.1. Social parameters
The average social distances are presented in Fig. 2A. Only 0.5% etha-
nol increased the average social distance signiﬁcantly (t[18] = −5.22;
p b 0.0001). There was also a tendency to an increase of social distance
after habituation (p = 0.012). For illustrative purposes, the timelines
and the distributions of social distances are presented for 0.5% in Sup-
plementary Fig. 1A,B. The timelines of the individual quadruplets are
presented in Supplementary Figs. 2 (controls) and 3 (0.5% ethanol).
One of the characteristics of most control quadruplets is that theFig. 2. (A) Social distance, (B) distance from bottom and (C) distance from center. White
bars represent the values for the control groups; black bars represent those for the exper-
imental groups. Means and S.E.M. are presented. *, p b 0.084; ****, p b 0.0001.zebraﬁsh came together at certain intervals as can be seen by the oscil-
lation of the social distances (another study found a similar pattern, al-
beit at a different scale, probably due to different tank and shoal sizes;
see Miller and Gerlai, 2008). This oscillation was less common for the
zebraﬁsh in the ethanol group.
Another measure for social distance is shoaling index (SI). Ethanol at
the high concentration (0.5%) reduced SI from 2.52 to 1.49 (t[18] =
6.55; p b 0.000005). Habituation signiﬁcantly decreased SI from 2.4 to
1.8 (t[15] = 3.538; p b 0.0084). The lower ethanol concentration
(0.25%), the two buspirone concentrations and black walls did not
affect SI signiﬁcantly.3.2. Spatial parameters
Representative trajectories are shown in Fig. 3. For the two
buspirone groups and the 0.5%-ethanol group, distance from bottom
was increased, although in case of 0.5% ethanol, zebraﬁsh still spent
considerable time at lower depth levels. After habituation and in the
presence of black walls, zebraﬁsh seem to distribute somewhat
more equally across the horizontal plan, although in most cases a
strong preference for the corner between the two transparent walls
(quadrant 4, which is indicated by the origins of the arrows) was
obvious.
Distance from bottom (Fig. 2B) was increased by 3 mg L buspirone
from 49 to 99 mm (t[18] = 6.48; p b 0.000005), by 5 mg L buspirone
from 51 to 108 mm (t[28] = 11.59; p b 5e−12) and by 0.5% ethanol
from 49 to 87 mm (t[18] = −4.99; p b 0.0001). On the other hand,
0.25% ethanol, 3.5-h habituation and blackwalls did not signiﬁcantly af-
fect distance from bottom.
The depth distributions over ten levels are presented in Fig. 4A–F.
In both buspirone groups, there was a very strong bias for the higher
depth levels. In contrast, the 0.5% ethanol group was to a lesser de-
gree skewed to the higher levels. The lower (0.25%) ethanol concen-
tration, 3.5-h habituation and black walls did not affect the depth
distribution signiﬁcantly.
Habituation reduced horizontal distance from center (Fig. 2C) from
110 to 99 mm (t[15] = 3.037; p b 0.0084) and black walls reduced it
from 106 to 92 mm (t[30] = −3.815; p b 0.0084). Horizontal dis-
tance from center was not signiﬁcantly affected by any of the drugs;
however, there was a tendency for 3 mg L to reduce this parameter
(p = 0.017).
Habituation and black walls affected radial distribution signiﬁcant-
ly. After 3.5-h habituation (Fig. 5A) the ﬁsh spent less time in the cor-
ners (t[15] = 3.83; p b 0.0084). For center annulus, middle annulus
and outer annulus no signiﬁcant differences were found, although ha-
bituation tended to decrease the time spent in the middle annulus
(p = 0.037). Black walls (Fig. 5B) increased the time spent in the cen-
ter (t[30] = 4.108; p b 0.0084) and the time spent in the middle an-
nulus (t[30] = 3.872; p b 0.84), decreased the time spent in the
outer annulus (t[30] = −3.004; p b 0.0084) and did not signiﬁcantly
affect the time spent in the corners. For 3 mg L buspirone, there was a
tendency to decrease the time spent in the corners (p = 0.017) and
to increase the time spent in the middle annulus (p = 0.019).
Finally, as for the distribution over quadrants, it turned out that all the
control groups (including thewhite-wall group in experiment 6) had the
highest preference for quadrant 4 (which is bordered by two transparent
walls) and the lowest preference for quadrant 2 (which is bordered by
twowhitewalls). Habituation (Fig. 5C) increased the time spent in quad-
rant 1 (t[15] = −4.5; p b 0.0005) and in quadrant 2 (t[15] = −3,38;
p b 0.0084). The time spent in quadrant 4 had a tendency to be reduced
(p = 0.018). Five mg L buspirone (Fig. 5D) increased the time spent in
quadrant 1 (t[28] = 3.35; p b 0.0084) and reduced the time spent in
quadrant 4 (t[28] = −3.05; p b 0.0084). The two ethanol concentra-
tions, 3 mg L buspirone and black walls did not signiﬁcantly affect the
distribution over the four quadrants.
Fig. 3. Representative trajectories of quadruplets (with three examples per condition).
(A) Controls. (B) 3.5-hr habituation. (C) 3 mg L buspirone. (D) 5 mg L buspirone.
(E) 0.25% ethanol. (F) 0.5% ethanol. (G) Black walls. Each of the four zebraﬁsh of
every quadruplet is presented by a different color.
21H. Maaswinkel et al. / Pharmacology, Biochemistry and Behavior 108 (2013) 16–273.3. Kinematic parameters
Travel distance (Fig. 6A) was signiﬁcantly reduced by 0.5% etha-
nol from over 40 m in controls to less than 21 m (t[18] = 3.33;
p b 0.0084). This was true for both the y-component (i.e. in direc-
tion of the camera) and the z-component (i.e. the vertical axis).
The x-component (i.e. the horizontal axis perpendicular to the di-
rection of the camera) had a tendency (p = 0.03) to be reduced.
The presence of black walls had a tendency to increase the traveldistance in the y-direction (p = 0.034), without affecting the other
components of travel distance. Habituation had a tendency to reduce
overall travel distance (p = 0.017). The y-component was signiﬁ-
cantly reduced (p b 0.0084) and the z-component had a tendency
to be reduced (p = 0.011). The x-component was not signiﬁcantly
affected. Finally, 0.25% ethanol had a tendency to increase the
y-component of travel distance (p = 0.042). Buspirone did not af-
fect any of the components.
Relative turning angle (in degrees per meter) was not affected sig-
niﬁcantly by any of the treatments. However, under the black wall
condition it had a tendency to be lower (p = 0.024).
Finally, 0.5% ethanol increased duration freezing (Fig. 6B) from on
average 23% of the time for control ﬁsh to on average 54% of the
time (U[18] = 12; p b 0.0084). Habituation also resulted in increased
duration freezing from on average 28% to about 45% (t[15] = −3.04;
p b 0.0084). The other experimental conditions did not affect dura-
tion freezing. In the black-vs.-white walls experiment duration freez-
ing was for both conditions very low (see Discussion section).
3.4. The effects of reducing sampling frequency
When lowering the sample frequency from originally 40 fps to 20,
10, 5, 1 or 0.1 fps, both the measured travel distances as well as the
statistical differences between groups diminished (Fig. 7A). For a bet-
ter comparison between zebraﬁsh treated with 0% and 0.5% ethanol,
we normalized (Fig. 7B) all travel distances to those measured at
40 fps. For zebraﬁsh treated with 0.5% ethanol, an asymptote was
reached at about 40 fps, meaning that this frequency was high
enough to avoid distortion. For control zebraﬁsh it seemed to be a lit-
tle bit higher. If we accept a reduction to 90% of the asymptotic values
as lower limits for accurate recording, the minimum sampling fre-
quency for control zebraﬁsh would be greater than 15 fps (we esti-
mate 20 fps) and for zebraﬁsh exposed to 0.5% ethanol 10 fps.
The reason why the measured travel distances become shorter
with lower sampling frequencies and why this effect is dependent
on the velocity of the ﬁsh (velocity: control zebraﬁsh > ethanol
zebraﬁsh), is that in digital sampling, angular movements are approx-
imated by straight lines (Fig. 7C). Increasing the travel distance
between subsequent sampling points (i.e. locations), results in
increasing the error. Another way to look at it: when the sampling
frequency decreases, the error increases. Relative turning angle also
affects the measured travel distance (Fig. 7D). Fig. 7E illustrates that
lower travel distances (as measured at 40 fps) are less affected by
lowering the sampling frequency (here we took 0.1 fps as example).
Therefore, the travel distances for the zebraﬁsh treated with 0.5% eth-
anol were less affected by lower frequencies than travel distances for
control zebraﬁsh. Consequently, the statistical differences between
groups decreased with lower sampling frequencies (as shown in
Fig. 7A).
In case of a very high sampling frequency, theoretically themeasured
travel distances might be overestimated for slow or immobile ﬁsh,
because the tag can be assigned to several locations on the recorded
ﬁsh-body (generating jigging noise). This is one reason why during
reconstruction of the trajectory (in the Trajectory Module), smoothing
is performed. In this case, a low-pass ﬁlter removes the high-frequency
components. However, if jigging noise was to contribute to our results,
the obtained statistical difference between the control and ethanol
groups would have been underestimated (i.e. false negative results)
since jigging would affect the slow-swimming ﬁsh (relatively) more
than the fast-swimming ﬁsh.
4. Discussion
We studied the effects of 3 and 5 mg L buspirone and 0.25 and
0.5% ethanol on anxiety-like responses in shoaling zebraﬁsh that
were already habituated to the observation container for 10 min. In
Fig. 4. Distribution over the ten depth levels is presented (A) for 3.5-hr habituation, (B) for black walls, (C) for 3 mg L buspirone, (D) for 5 mg L buspirone, (E) for 0.25% ethanol and
(F) for 0.5% ethanol. Level 1 is the level closest to the bottom (0–13.5 mm). Mean and S.E.M. are presented. *, p b 0.0084; **, p b 0.001; ***, p b 0.0005.
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of anxiety-reduction, we included one experiment investigating the
effects of 3.5-h habituation to assess the contribution of protracted
neophobic responses and one experiment comparing the impact of
black walls vs. white walls to assess the contribution of white aver-
sion to anxiety in control zebraﬁsh.
4.1. Habituation
After 3.5-h habituation two anxiety-like behavioral responses were
reduced: social cohesion was decreased (signiﬁcantly in terms of SI
and as tendency in terms of average social distance) and distance
from center (which we take as measure for thigmotaxis) was lower.
Furthermore, the preference for transparent walls (potentially indica-
tive for escape behavior, Champagne et al., 2010) had a tendency to
be reduced (as determined by the time spent in quadrant 4, which
was ﬂanked by two transparent walls). Together, these behavioral
changes could imply that neophobia was decreased after 3.5-hhabituation. However, this would seem to be at odds with a previous
study with single zebraﬁsh using a very similar procedure
(Maaswinkel et al., 2012; compare also Wong et al., 2010) showing
that 10-min habituation to an unfamiliar container was sufﬁcient to
eliminate neophobia. In fact, in the present study the zebraﬁsh were al-
ready habituated for 10 min before the ﬁrst recording session. More-
over, distance from bottom was not signiﬁcantly altered after 3.5-h
habituation. Distance from bottom is in many studies taken as a prime
indicator for the anxiogenic or anxiolytic effects of drugs in the
novel-tank paradigm (e.g. Bencan et al., 2009). Therefore our ﬁndings
raise the question whether the observed changes in social cohesion
and distance from center can be attributed to reduced anxiety in re-
sponse to the unfamiliar environment. To uphold the anxiolytic hypoth-
esis for prolonged habituation in regard to its effect on cohesion and
thigmotaxis, we have to assume that these behavioral responses habit-
uate much slower than the distance-from-bottom response (which
takes only a few min). Note that according to Gebauer et al. (2011) so-
cial cohesion and distance from bottom are distinct types of anxiolytic
Fig. 5. Radial distribution for (A) 3.5-hr habituation and (B) black vs. white walls. The inset depicts schematically the four horizontal zones: inner, middle, outer, and
combined-corner zones. The gray bars represent the expected values based on homogeneous distribution. Distribution over quadrants in the (C) 3.5-hr habituation experiment
and (D) the 5 mg L-buspirone experiment. Means and S.E.M. are presented. *, p b 0.0084; ***, p b 0.0005.
Fig. 6. (A) Travel distance and (B) duration freezing. White bars represent control
groups, black bars represent experimental groups. Means and S.E.M. are presented.
*, p b 0.0084.
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volvement of different neuronal mechanisms in the various anxiety-like
responses could explain the diversity of their time-courses (see also
Maaswinkel et al., 2012).
However, we have to be aware that the slow changes observed in
social cohesion and distance from centermight be explained different-
ly. For instance Wong et al. (2010) made the suggestion that changes
seen during inter-session habituation (over a period of seven days in
their study)might be the results of a learning process involving spatial
mapping. This would presumably result in a change of exploration
patterns which would most likely be expressed in altered use of
space, thus could affect thigmotaxis. Although that hypothesis does
not address social interaction patterns, we consider that an interaction
between environment oriented and social oriented perception is pos-
sible. Butmore importantly, we do not knowhow shoaling behavior in
zebraﬁsh changes over time. Since aggression develops slowly be-
tween female zebraﬁsh (Paull et al., 2010), one could hypothesize
that a slow increase in antagonistic tendencies (which were not sys-
tematically studied in our experiment) could explain reduced social
cohesion after 3.5 h. A complicating factor in this study is a possible
time-of-day effect, since in our experiment the zebraﬁsh were tested
ﬁrst at 10:40 and then at 14:00. More research is needed to disentangle
the possible causal mechanisms involved in the reduction of social co-
hesion over time (such as reduced neophobia, spatial mapping, evolv-
ing aggression, increasing or decreasing social anxiety, time-of-day
effects).
Finally, we also have to note that duration freezing was increased
after habituation and that locomotion had a tendency to be de-
creased. Some studies (Blaser et al., 2010; Maaswinkel et al., 2012;
Wong et al., 2010) show that those parameters can be affected by
anxiety, which if this was true in the current case would in fact indi-
cate that anxiety was increased by habituation, thus would not sup-
port the anxiolytic hypothesis of habituation. However, freezing and
locomotion can very likely be affected by many other factors, such
as the above proposed processes of spatial mapping or slowly
Fig. 7. The effects of sampling frequency on travel distance. (A) Travel distances of control ﬁsh and ﬁsh treated with 0.5% ethanol are shown for several sampling frequencies.
(B) Travel distance as function of sampling frequency in control zebraﬁsh and in zebraﬁsh exposed to 0.5% ethanol normalized to the values recorded for 40 fps. (C) Diagram.
The thick line represents the actual travel distance, the long thin line represents the recorded travel distance of a fast-moving ﬁsh during one sampling interval, and the short
thin lines represent the recorded travel distances of a slow-moving ﬁsh during consecutive sampling intervals. The approximation of the real travel route by the short straight
lines is more accurate than the approximation of it by the long straight line. Thus, the measurements for slow-moving ﬁsh are more accurate than those for fast-moving ﬁsh. An
alternative way to look at the graph is to assume that the same ﬁsh is recorded at a high sampling frequency (short straight lines) or a low sampling frequency (long straight
line). In this case, high-frequency recording elicits more accurate results than slow-frequency recording. (D) The two thick lines have the same length, but different relative turning
angles. When the relative turning angle is larger (shown by the more convoluted tracing), the recorded distance (thin line) is shorter. (E) Travel distances as sampled at 0.1 fps are
presented on the y-axis as percentage of the travel distance as sampled at 40 fps, which are presented on the x-axis. Each dot represents a quadruplet. Means and S.E.M. are
presented. *, p b 0.0084.
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activity in zebraﬁsh (Zhdanova, 2011).
4.2. Black vs. white walls
Several studies have shown that white walls induce an avoidance
response that seems not to habituate (Maximino et al., 2010). The
light/dark preference paradigm (Blaser and Penalosa, 2011;
Stephenson et al., 2011) is based on this principle. To assess the impact
of white walls, we compared the behaviors of zebraﬁsh recorded in ob-
servation containers with three white walls or with three black walls
(the fourth wall in both cases being transparent). We found that social
cohesion and distance from bottom were not noticeably affected. In a
re-run of the experiment with single zebraﬁsh (data not shown) dis-
tance from bottom was also not affected.
The main effect of black walls vs. white walls in shoaling zebraﬁsh
was the increased preference for the center annulus and themiddle an-
nulus, resulting in reduced distance from center, i.e. reduced thigmo-
taxis. There was also a tendency for an increase of the y-component of
locomotion, i.e. in direction of the transparent wall and the wall oppo-
site to the camera. The zebraﬁsh tested with three white walls moved
more along the x-component (approx 25 vs. 17 m), mainly along the
transparent wall. The zebraﬁsh tested with three black walls moved
about equally in either horizontal direction (approx 25 vs 24 m for x-and y-components, respectively). However, these differences between
groups did not attain statistical signiﬁcance, thus further studies are
necessary to decidewhether this is a robust effect. An interesting obser-
vation is that even in the presence of blackwalls, zebraﬁsh spent approx
82% of the time on the side of the tank with transparent wall (i.e. quad-
rants 1 and 4), which is comparable to the approx 91% of the zebraﬁsh
tested with three white walls spent at that side of the tank. One possi-
bility is that transparent walls attract zebraﬁsh and to a large extent
‘override’ the strong impact of wall color which is observed in the ab-
sence of a transparent wall (light/dark preference paradigm). Interest-
ingly, decreased distance from center was also clearly affected by
3.5-h habituation (see Section 4.1). One interpretation would be that
white aversionwas reduced after habituation and that this would result
in reduced thigmotaxis. However, this interpretation could cast further
doubt on the hypothesis that 3.5-h habituation reduced social cohesion
via an anxiolytic mechanism (alternative hypotheses are presented in
Section 4.1) since wall color did not affect social cohesion at all in the
present experiment. But again, we cannot exclude a different typology
of anxiolytic responses (Gebauer et al., 2011) with different time-
courses (Maaswinkel et al., 2012). Finally, the reason for the nearly
absence of freezing both in white- and in the black-wall conditions
is not clear and might further indicate that freezing is not a robust
parameter. We already excluded it for the purpose of this study in
Section 4.1.
Table 1
Effects of habituation, buspirone, ethanol and black walls on anxiety-like behavioral re-
sponses. ↑, signiﬁcant increase; ↓, signiﬁcant decrease; (↑) tendency to an increase
(p b 0.05); (↓) tendency to a decrease (p b 0.05); 0, no statistical changes.
3.5-hr
habituation
3 mg L
buspirone
5 mg L
buspirone
0.25%
ethanol
0.5%
ethanol
Black
walls
Social cohesion ↓a 0 0 0 ↓ 0
Duration freezing ↑ 0 0 0 ↑ 0
Distance from
bottom
0 ↑ ↑ 0 ↑ 0
Distance from
center
↓ (↓) 0 0 0 ↓
Locomotion (↓) 0 0 (↑)b ↓ (↑)b
Preference for
transparent
walls
(↓) 0 ↓ 0 0 0
a After habituation social cohesion was signiﬁcantly decreased according to SI; for
average social distance a tendency (p b 0.05) of such a decrease was noted.
b Black and 0.25% ethanol walls only had a tendency to increase locomotion along
the y-axis.
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Buspirone (Table 1) in either concentration (3 or 5 mg L) strongly
increased distance from bottom, which was approximately doubled
when compared to control zebraﬁsh. The preference for the upper
depth levels was increased and the bottom-dwell time (i.e. time
spent at the three lower depth levels) was strongly reduced. These
ﬁndings are formally consistent with those reported in previous stud-
ies with single zebraﬁsh (e.g. Bencan et al., 2009; Maaswinkel et al.,
2012) and with shoals of zebraﬁsh (Gebauer et al., 2011). Both
drug effects are commonly interpreted as indications for reduced
anxiety in a novel environment. However, as already discussed in
Maaswinkel et al. (2012), the crucial problemwith this interpretation
in the context of the here applied procedure is that short-term habit-
uation (e.g. Wong et al., 2010) already increases distance from bot-
tom in control zebraﬁsh to the level that persists even after 3.5 h
and that under no normal circumstance do our zebraﬁsh swim consis-
tently at the top levels of the water column, no matter how well ha-
bituated they are. Based on our experiments (including the 3.5-h
habituation and the black-vs.-white walls experiments) with control
zebraﬁsh and on our informal observations of the zebraﬁsh in their
home tanks, we assume that consistent top-swimming represents
abnormal behavior for our zebraﬁsh and cannot be understood as
anxiolytic effect of a drug (for further discussion, see Maaswinkel
et al., 2012). Based on the remarks of one reviewer, we acknowledge
that other zebraﬁsh strains or in other experimental environments,
consistent top-swimming might be the normal behavior. This inter-
esting observation further supports the need to determine the con-
text frame that allows assessing the signiﬁcance of behavioral
changes elicited by any experimental treatment (Maaswinkel et
al., 2012).
The long, 60-min drug exposure-time might possibly be responsi-
ble for the unphysiological effects of buspirone as observed in both
studies. In the earlier study we found that 3.5 h after buspirone expo-
sure, clear aberrant behavior became apparent. Comparing our results
with those of other studies is difﬁcult: for instance, Gebauer et al.
(2011) used a subjective scoring system and Bencan et al. (2009)
only report bottom dwell-time. However, interestingly in rats
buspirone has been found to affect spatial orientation (McNaughton
and Morris, 1992), which would be in line with our hypothesis that
the here described effect may be not exclusively anxiolytic.
Social cohesion and locomotion were not affected by buspirone,
which is consistent with Gebauer et al. (2011), nor was duration
freezing. Interestingly, for 3 mg L buspirone there was a tendency
to decrease distance from center and 5 mg L buspirone decreased
the preference for the transparent walls (as measured by the timespent in quadrant 4). These latter two effects have to our knowledge
not been described in other studies. Distance from center was also
decreased after 3.5-h habituation and in the black-wall condition
(see Sections 4.1 and 4.2). After 3.5-h habituation there was a tenden-
cy to a decreased preference for transparent walls (see Table 1).
The signiﬁcance of these ﬁndings is unclear. Both thigmotaxis and
transparent-wall preference will have to be tested more thoroughly
using targeted experimental setups.
According to some studies in both humans and rodents, acutely
administered buspirone has at best minimal anxiolytic effects (e.g.
Schefke et al., 1989) or can even have apparently opposite effects
(Avgustinovich et al., 2010). However, anxiolytic effects of acute
buspirone in zebraﬁsh have been described in regard to the immedi-
ate neophobic response that occurs within the ﬁrst few minutes after
the ﬁsh is being placed into the unfamiliar observation container (e.g.
Gebauer et al., 2011).4.4. Ethanol
Ethanol (Table 1) at the low concentration (0.25%) did not affect
any of the parameters signiﬁcantly. On the other hand, 0.5% ethanol
reduced social cohesion (as indicated by increased social distance
and decreased SI), increased distance from bottom, decreased travel
distance, and increased duration of freezing. None of the horizontal
distribution parameters (distance from center, distribution over radi-
al zones or quadrants) were in any way affected.
In regard to distance from bottom as indication for anxiety, we
refer to the our comments made about similar effects of buspirone
(see Section 4.3), namely that we could not simulate this behavior
by non-drug treatments (3.5-h habituation and black walls) after
10 min habituation and that like in case of buspirone, the response
observed goes far beyond the amount of changes in vertical activity
seen in our control zebraﬁsh under any condition, albeit not to the ex-
treme degree as seen for the 5 mg L-buspirone group. As for reduced
social cohesion, the discussion provided about a similar behavioral re-
sponse after 3.5-h habituation (in Section 4.1) also applies here. In-
creased social cohesion in control zebraﬁsh might be a very slow-
habituating response to novelty, which is perhaps directly inhibited
by ethanol. That social cohesion changes in both instances would cer-
tainly support the anxiolytic hypothesis. Alternatively, ethanol might
bring about changes in the cognitive, spatial or social behaviors which
are not necessarily related to anxiety. Based on the human and rodent
literature (e.g. Chin et al., 2011; Ratajczak et al., 2012; Scholey et al.,
2012; Varlinskaya and Spear, 2002), these or similar hypotheses
seem to be plausible, but systematic research concerning these issues
in zebraﬁsh is lacking. Ethanol has been described to reduce social
anxiety (Sripada et al., 2011). It is unclear how this would translate
to reduced social cohesion. Altered spatial processing or disorienta-
tion could possibly also be at the root of altered vertical distribution.
As for the effects of ethanol on locomotion and duration freezing, no
clear conclusions can be drawn and like in case of habituation, they
would indicate an increase of anxiety (see end of Section 4.1 for a dis-
cussion of this issue).
Since the effects of ethanol on zebraﬁsh behavior have been studied
in many other publications, some inconsistencies have to be addressed.
For instance, according to Gebauer et al. (2011), locomotionwas not af-
fected by 0.5% ethanol, according to Kurta and Palestis (2010), social co-
hesions decreased for 1% but not for 0.5% ethanol, and according to
Mathur and Guo (2011) ethanol increased distance from bottom in
(single) zebraﬁsh. Many of those differences might be the result of dif-
ferent experimental procedures, such as duration of drug-exposure, size
and shape of observation tank, size of the shoal, light intensity and spec-
tral composition etc. Also, it is well established that both strain (Gerlai
et al., 2009) and housing conditions (Parker et al., 2012) can affect sen-
sitivity to ethanol.
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In this study, reduced social cohesion and thigmotaxis were the two
most believable candidates for genuine anxiolytic responses. Social co-
hesion was decreased by both 3.5-h habituation and by 0.5% ethanol.
If reduction of anxiety was indeed the cause for this, then we would
have to assume that (in the 3.5-h habituation experiment) social cohe-
sion adapts slower to novel environments than do measures of vertical
activity (which habituatewithin 5–10 min) and that (in the ethanol ex-
periment) it is not associated to the thigmotaxis response. Other possi-
ble causes for reduced social cohesions in those cases were also
discussed.
Thigmotaxis was reduced both by 3.5-h habituation and by black
walls and is therefore another candidate of a genuine anxiolytic re-
sponse. However, ethanol did not have any effect on thigmotaxis
and 3 mg L buspirone had only a tendency to reduce it, whereas
5 mg L did not affect it. Both thigmotaxis and preference for transpar-
ent walls, which seem to be partly connected, have to be studied in
more detail.
Distance-from-bottom and bottom-dwell time are in our view not
indications for anxiolytic properties of treatments after 10 min initial
habituation which took place before the recordings were started. This
view is widely supported by the literature, and by the facts that in our
experiments neither 3.5-h habituation nor black walls affected any
parameter of vertical activity. Also, the top-level swimming seen in
the 0.5% ethanol, the 3 mg L buspirone and especially strongly in
the 5 mg L buspirone group is a response that could not be explained
by mere reduction of anxiety.
An important conclusion from this study is that in case of using
zebraﬁsh as model animal for drug evaluation (for which purpose it
offers some practical advantages over rodents), much more funda-
mental research is needed into the dynamics of basic behavioral sys-
tems in zebraﬁsh. Two principles need special attention. First, the
fallacy of the converse has to be avoided. Behavioral changes (e.g. de-
creased cohesion) that may result from one condition (e.g. anxiety)
may possibly also be elicited by a totally different condition (e.g. so-
cial disinterest). This is especially true in the open ﬁeld paradigm
where the experimental constraints are minimal. Second, the ‘normal’
behavior (e.g. vertical activity in a familiar environment) of the
zebraﬁsh used has to be taken as framework for behavioral changes
elicited by experimental treatments.
Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.pbb.2013.04.009.
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